With intrinsically high gravimetric and volumetric density, 15 metal-hydrogen phases containing boron are appealing as potential hydrogen (H) stores for off-grid and vehicular applications, and are able to compete with Li batteries and diesel fuels on a cost and energy density basis.
With intrinsically high gravimetric and volumetric density, 15 metal-hydrogen phases containing boron are appealing as potential hydrogen (H) stores for off-grid and vehicular applications, and are able to compete with Li batteries and diesel fuels on a cost and energy density basis. 1, 2 In particular, the group I and II metal-borohydrides such as LiBH 4 and Mg(BH 4 ) 2 are of 20 great interest, containing 18.5 and 14.9 wt.% H respectively. Due to the current inability to find a temperature lowering catalytic additive, such phases must operate at temperatures higher than their melting points (T m ). For LiBH 4 , this results in the generation of the dodecahydro-closo-dodecaborate Li 2 orthorhombic to a hexagonal structure at 108°C with an associated order-disorder transition of the BH 4 -units; 6, 7 Mg(BH 4 ) 2 also displays an α/β transition at 180°C, 8 and a γ/ε transition at 150°C. 9 Polymorphism has also been observed in the group I dodecahydro-closo-dodecaborates M 2 B 12 H 12 (M = K, Rb, 40 Cs), with a second-order transition evident at 538°C, 469°C and 236°C respectively. 10 The entropic component of these second order transitions is characterised by rapid reorientational disordering of the icosahedral B 12 H 12 2-anion. 10 Although the crystallographic coordination is preserved during these second- 10 Reflections such as (021) and (211) whose intensity is > 90% generated from Li + cations are also similarly quenched, suggesting that Li + cations are also undergoing a form of disordered motion. In this respect, the first-order polymorphic transition of Li 2 B 12 H 12 at ca. 355°C retains the same basic 35 symmetry as the pre step Pa-3 structure, but with thermally induced disorder of the B, H and Li positions (hopping/exchange). Such a transformation is symmetry preserving, and may be regarded as a zero-order isosymmetric phase transition. It is notable that temperature induced zero-order 40 isosymmetric phase transitions are extremely rare, and less than 10 phases are known to exhibit these properties. 12 Zero-order isosymmetric reactions are known to occur in framework structures with large coordination environments around cations. 12 Utilising an averaged multiple icosahedra model, 10 conductor, whose transition temperature may be engineered through the addition of halides. figure is zoomed to show fit quality to weaker intensities. Fig. 3 shows the Rietveld refinement of the disordered β-Li 2 B 12 H 12 polymorph. The structural details are shown in Figure  S2 and 
